Purpose To determine macular sensitivity and fixation characteristics in patients with unilateral resolved central serous chorioretinopathy (CSC) using fundus-related microperimetry. Methods We reviewed 15 eyes with resolved CSC and 15 normal healthy eyes that had undergone fundus-related microperimetry. The macular sensitivity was measured using the recently introduced fundus-related microperimeter, MP-1. The best-corrected visual acuity (VA) (BCVA), mean retinal sensitivity in the central 101 (central microperimetry, cMP-1) and in the paracentral 10-201 (paracentral microperimetry, pMP-1), and fixation stability and location were determined and compared with measurements in control eyes. Results BCVA at the time of this study was 20/20 in all the affected eyes, and fundus examination and optical coherence tomography findings revealed no serous detachment. Eyes with CSC showed statistically significantly lower cMP-1 sensitivity and lower, but not significantly, pMP-1 sensitivity than control eyes (Po0.001, P ¼ 0.11, respectively). Eyes with CSC were not significantly different from control eyes in fixation location (P ¼ 1.00) or fixation stability (P ¼ 0.91). Fixation location was predominantly central in all eyes with CSC; fixation was stable in 12 (80%) and relatively unstable in 3 (20%). Conclusion Our study shows that eyes with resolved CSC can have lower retinal sensitivity in the central macula than control eyes, even after good VA has been obtained.
Introduction
Central serous chorioretinopathy (CSC) is a condition characterized by idiopathic leaks from the retinal pigment epithelium (RPE) leading to serous retinal detachment. In the early phase of disease, visual acuity (VA) may be good despite the macular detachment. After spontaneous recovery, patients may have residual visual symptoms such as metamorphopsia or loss of contrast sensitivity, despite recovering normal VA. More chronic forms of CSC are associated with atrophic and degenerative changes of the retina and RPE and, consequently, with VA decline. 1 Many studies have examined functional deficiencies of the detached retina in CSC. Even when VA is reasonably good there is compromise of functions such as contrast sensitivity, colour discrimination, dark adaptation, focal electroretinography (ERG), and microperimetry. [2] [3] [4] [5] [6] This study was undertaken to examine the function of the macula in patients with unilateral resolved CSC. Microperimetry, a technique for accurately testing macular sensitivity and retinal fixation, with strict correspondence of visual parameters and macular morphology, was used for the examination of macular function.
Methods
We retrospectively reviewed cases of unilateral resolved CSC involving the fovea. Each patient had a documented episode of CSC in one eye and no CSC diagnosed or suggested in the fellow eye by any history of decreased vision, central scotoma, or central distortion. Only patients with no evidence of subretinal fluid under the macula for at least 2 months were evaluated in this study. Because several diseases may influence the microperimetry result, we excluded patients with lenticular and corneal opacities, a history of refractive surgery, glaucoma, or ocular hypertension, a history of intraocular inflammation such as anterior or posterior uveitis, multifocal choroiditis, a history of retinal detachment, a history of ocular trauma, and optic neuropathy. As it is very difficult to quantify accurately the duration of detachment for patients with CSC, this information was not collected. A medical and ocular history was obtained for each patient, and a complete ophthalmic examination, including determination of best-corrected visual acuity (BCVA), slit-lamp biomicroscopy, indirect ophthalmoscopy, fluorescein angiography, and optical coherence tomography (OCT), was performed. BCVA expressed as logMAR was obtained at a distance of 4 m. Fluorescein angiogram was performed on a Heidelberg scanning laser ophthalmoscope (SLO) (Heidelberg Engineering, Heidelberg, Germany). All OCT examinations were carried out using the OCT 3000 scanner (Carl Zeiss Ophthalmic System Inc., Humphrey Division, Dublin, CA, USA). The stimuli were projected on a white background with background luminance set to 1.27 cd/m 2 and a stimulus presentation time of 200 ms. The perimetric strategy of the current software version of the MP-1 starts with an initially defined threshold level for each stimulus. A 4-2 staircase strategy is then carried out, and the last seen threshold value is taken as the final threshold. In addition, the instrument tests the same luminance levels at all test locations before moving on to the next luminance level (ie, for all locations one luminance level is projected after the other). Differential light threshold values were compared by calculating selected points, which were averaged automatically by the MP-1 microperimetry software program for mean sensitivity in a polygon. For the assessment of fixation, the fundus movements were tracked during examination, whereas the patient gazed at the fixation target. The autotracking system calculated horizontal and vertical shifts relative to a reference frame and drew a map of the patient's eye movements during the examination. The recorded fixation points were classified into three categories for fixation stability analysis (stable, relatively unstable, and unstable). Fixation was regarded as 'stable' if more than 75% of the fixation points were inside the 21 diameter circle, as 'relatively unstable' if less than 75% were inside the 21 diameter circle but more than 75% inside the 41 diameter circle, and as 'unstable' if less than 75% of the fixation points were inside the 41 diameter circle. To assess fixation location, a standard, circular, central fixation area 21 in diameter (approximately 700 mm) centred on the fovea was defined. The standard 21 circle was placed by looking for the centre of the foveal avascular zone (FAZ). Eyes with more than 50% of the preferred fixation points located within the central fixation area were classified as having predominantly central fixation. Eyes with more than 25% but less than 50% of the preferred fixation points located within the central fixation area were classified as having poor central fixation. Eyes with less than 25% of the preferred fixation points located within the central fixation area were classified as having predominantly eccentric fixation. Fixation characteristics were classified automatically by the MP-1 microperimetry software, after a landmark had been positioned in the centre of the FAZ. Results from age-matched control eyes (age range, 24-46 years, mean age, 38 years) and eyes with resolved CSC were compared by Student's t-test and the Mann-Whitney U-test. Written informed consent was obtained from all subjects, and the study was conducted in accordance with the tenets of the Declaration of Helsinki Principle.
Results
Fifteen eyes of 15 patients with unilateral resolved CSC were evaluated in this series. There were 12 men and three women whose ages ranged from 24 to 47 years (mean age, 36 years). BCVA at the time of this study was 20/20 (logMAR 0.0 (70.0)) in all the affected eyes, and fundus examination, fluorescein angiography, and OCT findings revealed no serous detachment. There were some RPE alterations in the affected eyes. The clinical characteristics of CSC eyes are reported in Table 1 . 
Eye
The mean central and paracentral sensitivity, fixation location, and fixation stability in diseased and control eyes are shown in Table 2 . Eyes with CSC showed statistically significantly lower cMP-1 sensitivity and lower, but not significantly, pMP-1 sensitivity than control eyes (Po0.05, P ¼ 0.11, respectively). Eyes with CSC were not significantly different from control eyes in fixation location (P ¼ 1.00) or fixation stability (P ¼ 0.91). Fixation location was predominantly central in all eyes with CSC; fixation was stable in 12 (80%) and relatively unstable in 3 (20%).
Discussion
Abnormalities of macular function have been shown in eyes with active CSC by subjective tests and also by objective methods such as focal macular ERG and multifocal electroretinography (mfERG). 4, 7, 8 Toonen et al 6 also found decreased retinal sensitivity in the affected areas with SLO microperimetry. These results reflect the wide range of visual and functional difficulties that have been found in serous detachments. [2] [3] These functional defects have generally been attributed to retinal separation, which affects the transport of nutrients and visual pigments and also may allow some disruption of photoreceptor orientation. 7 However, evidence is increasing that in CSC pathologic changes occur over a larger area than the detachment itself, in which case some of the functional abnormalities may originate from underlying choroidal dysfunction. 9 Vajaranant et al 8 showed that mfERG abnormalities were not limited to serous elevation. Marmor and Tan 7 also showed that, according the mfERG findings, macular electrical function was abnormal beyond the area of detachment. These results support not only the reality of widespread choroidal dysfunction in CSC but also functional abnormalities in the reattached retina. Experimental animal models have shown that retinal detachment and reattachment can induce a variety of cellular changes that may account for decreased VA. [10] [11] [12] Retinal detachment can cause photoreceptor cell apoptosis as early as 1-3 days after Eye retinal detachment. 13, 14 Loss of photoreceptor outer segments is also a common finding after detachment. 10, 11 Other changes include hypertrophy and hyperplasia of Mü ller cells, which can invade the subretinal space and form a barrier to RPE-photoreceptor reapposition. [11] [12] [13] [14] [15] With reattachment, the retina can recover to some degree, but this recovery occurs in a patchwork of morphologic abnormalities including a decreased number of cells in the outer nuclear layers. 16 Functional abnormalities can persist in the reattached rabbit retina, even after a brief retinal detachment followed by retinal reattachment. 17 Although there is not a good experimental model of CSC, and experimental rhegmatogenous retinal detachment might not emulate all aspects, it is possible that the observation we made with microperimetry in unilateral resolved CSC may correlate with the alterations seen by histologic analysis in animal models of retinal detachment. Detachment caused by CSC may lead to varying amounts of photoreceptor loss, atrophy, and shortening of photoreceptor outer segments. These changes may have led to the observation of the decrease in retinal sensitivity in the central macular area even after active CSC was resolved and even after good VA was obtained.
In this study, fixation characteristics (location and stability) were also determined. It is well known that important daily tasks, such as recognition of symbols, orientation, and reading, are strongly dependent on fixation stability and fixation location. [18] [19] [20] Like other macular disorders, CSC can affect fixation properties. According to our results, eyes with resolved CSC are not significantly different from control eyes in fixation location and fixation stability. In diseased eyes, fixation localization was predominantly central in all patients and fixation stability was stable in 12 out of 15 patients. This means that even though the retinal sensitivity was decreased, our patients had central and stable fixation in their affected eyes.
This study, with a retrospective design and a small sample size, has numerous limitations. The functional changes as described in this article may be dependent on the duration of the retinal detachment; however, we do not know of an accurate way to quantify the duration in affected patients. Despite these limitations, our study shows that eyes with resolved CSC have lower retinal sensitivity in the central macula than control eyes, even after good VA has been obtained.
